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ess: barry.linnane@rch.Summary Bronchopulmonary foregut malformations are a group of rare congenital
anomalies affecting the respiratory and upper gastrointestinal tract. The rarity of
these cases means their embryological origin continues to be a source of
controversy.
We present the case of a female infant, born at term with a malformed right arm,
an absent right kidney and aplasia of the right lung. Although initially asymptomatic
she presented at 5 months of age in severe respiratory distress. An upper gastro-
intestinal contrast study demonstrated a right broncho-esophageal fistula. At
surgical resection it was discovered that the right main bronchus ended abruptly
just beyond the carina, with total aplasia of the right lung. A bronchoesophageal
fistula originating from the lower third of the esophagus communicated with a
sequestered right lobe. The lobe was removed and the fistula ligated. The infant
remains well 13 months post surgery.
This represents only the twelfth case of this rare form of bronchopulmonary
foregut malformation. The associated renal and limb malformations make this case
unique and may add weight to the theory that the underlying insult to the developing
lung is vascular in origin.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Congenital broncho-esophageal fistula is a rare
malformation. We present the case of a femaleElsevier Ltd. All rights reserv
45 5818;
org.au (B.M. Linnane).infant whose right main-stem bronchus originated
from the lower third of the esophagus. The
embryogenesis of these congenital anomalies con-
tinues to be debated.ed.
ARTICLE IN PRESS
Figure 2 An upper gastro-intestinal contrast study at 5
months of age demonstrating a right broncho-esophageal
fistula.
B.M. Linnane, G. Canny1856Case report
A female infant was born at term weighing 2.38 kg
after an uneventful pregnancy. The mother had no
significant past medical history. The absence of a
right radius and thumb was noted and further
investigations revealed a dysplastic right ulna and
an absent right kidney. A chest radiograph showed
changes consistent with aplasia of the right lung
with compensatory emphysema of the left lung
(Fig. 1).
The infant was asymptomatic at discharge home
on day 6 of life. At 5 months of age she presented
with a 3-day history of pyrexia, vomiting and
coughing. She was in marked respiratory distress
and was intubated and ventilated, using conven-
tional ventilation and subsequently high frequency
oscillation. Intra-venous co-amoxiclav, flucloxacil-
lin and gentamicin were commenced. A chest
radiograph, in addition to the previously documen-
ted right lung aplasia, revealed extensive left lung
consolidation.
An upper gastro-intestinal contrast study demon-
strated a right broncho-esophageal fistula (Fig. 2).
Intra-operative findings at the time of right
pneumonectomy (day 20 of admission) were of a
heavily consolidated hypoplastic right lung with a
single (3mm diameter) right pulmonary artery and
single right pulmonary vein. The bronchus to the
lung arose from the lower third of the esophagus
and was surgically ligated.
Pathological examination demonstrated a right
lung measuring 5 3 3 cm, with no lung fissure
dividing the lung into lobes. Histological sections
documented the pulmonary parenchyma was of
normal morphology. A marked xanthogranuloma-Figure 1 Neonatal radiograph day 1 of life showing right
lung aplasia and compensatory emphysema of the left
lung, absence of the right radius and thumb, and right
ulnar dysplasia.tous pattern of inflammation was present through-
out and presumably represented repeated
aspiration of material via the connection with the
esophagus. The surgical resection margin of the
fistula had an esophageal muscularis propria lining.
The specimen represented a sequestered lung with
a pulmonary blood supply and a primitive foregut
connection.
The infant made an uncomplicated post-opera-
tive recovery and to date, at 13 months of age,
remains asymptomatic.Discussion
This case report describes an unusual form of
bronchopulmonary foregut malformation in which
the right main-stem bronchus originates from the
lower third of the esophagus to supply a seques-
tered lobe with ipsilateral true lung aplasia.
In 1874 Klebs first described the occurrence of an
abnormal communication between accessory lung
tissue and the gastrointestinal (GI) tract.1 In 1946
Pryce coined the term ‘‘sequestration’’ to describe
a ‘‘disconnected bronchopulmonary mass or cyst
with an anomalous systemic arterial supply’’.2
Although the term pulmonary sequestration has
been refined over time, Pryce’s original description
endures.
In 1968 Gerle asserted that ‘‘all sequestra-
tions have a common embryogenesis’’ and intro-
duced a new term ‘‘bronchopulmonary-foregut
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seemingly disparate group of congenital anomalies
affecting the cardiorespiratory and upper GI sys-
tems. As more cases came to light it became clear
that a sequestered lobe may have a pulmonary
vascular supply, as is the case here.1
The embryogenesis of BPFMs has been the source
of speculation since first described. Epinger and
Schauenstein, in 1902, postulated that an addi-
tional tracheobronchial bud develops from the
primitive foregut distal to the normal tracheobron-
chial bud then, with its own blood supply, migrates
caudally, giving rise to a sequestered lobe.1
Gerle emphasizes two additional points.1 Firstly,
the timing of the accessory budding is believed to
be the principal determinant of the final pathology
and secondly, the absence of a patent foregut
connection in most cases of sequestered lobes can
be explained by its involution as it outgrows its
blood supply.
This concept has wide, though not universal,
acceptance. There are at least six other widely
published models.3 Clements and Warner’s ‘‘wheel
theory’’ proposes that an insult to the tip of the
developing bronchial bud is responsible for the
array of morphological abnormalities.4 The nature
of this ‘‘insult’’ is yet to be determined; trauma,
ischemia, infection and adhesions are postulated.
Probably more important to the eventual outcome,
as proposed in other models, is the timing and
severity of the insult.
BPFM’s are rare. In 1976, after an extensive
review of the published literature, Heithoff de-
scribed 10 cases of a sequestered lobe involving the
entire right lung and maintaining a connection to
the GI tract.3 A further case published in 1992 and
our case presented here, brings the number of
cases recorded in the medical literature to 12.5
In 1965 Braimbridge introduced a classification
system which separated congenital broncho-eso-
phagel fistulae (BEF) into four subtypes based on an
anatomical description of the fistulous tract.6 In
types one to three the fistula is an isolated
abnormality in an otherwise normal respiratory
tract. In type four the fistula connects to a
sequestered pulmonary segment and so may be
more accurately described as a BPFM. Congenital
BEF are rare, with the largest review to date
identifying 100 cases, with just three of these
classified as type IV.7
This is the first case to describe a type IV BEF
with the associated limb and renal abnormalities
and as such may offer a unique insight as to the
possible etiology. On day 35 of gestation the
embryo is 10mm long.8 The thoracic aorta has notfully developed but instead is represented by the
right and left dorsal aorta, with six aortic arches in
various stages of development and programmed
regression. On the right side the fourth aortic arch
forms the most proximal portion of the right
subclavian artery. The proximal portion of the sixth
aortic arch becomes the proximal portion of the
right pulmonary artery. The fifth aortic arch is
never fully developed, leaving the fourth and sixth
arches intimately related at their origin from the
aortic sac.8 We hypothesize that an interruption of
the blood flow at this site, even transiently, could
be the ischemic insult Clement and Warner theo-
rized was necessary to disrupt normal lung devel-
opment, and explain the right upper limb
malformation.Summary
The case of a female infant whose right main-stem
bronchus originated from the lower third of the
esophagus to supply a sequestered lung is reported.
This anomaly is probably best classified as a
bronchopulmonary foregut malformation, but could
equally be described as a right broncho-esophageal
fistula, type IV, attached to an extra-lobar seques-
tered lung with ipsilateral true lung aplasia.
The associated renal and limb malformations add
to the uniqueness of this case and may add weight
to the theory that the underlying insult is vascular
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